Abstract
Introduction
Cancer is the second leading cause of death among adults in the United States (1). Some cancers are preventable with regular screening tests and can be cured if detected and treated early. However, disparities in the use of preventive health services exist. People with disabilities have lower cancer screening rates than people without disabilities (2-7). In 2013, approximately 1 in 5 US adults reported having a disability; disabilities in mobility and cognition were the most frequently reported types (8). People with disabilities may have numerous health-care access barriers, including inaccessible health communication formats, limited access to transportation and parking, and lack of height-adjustable examination tables, accessible mammography equipment, and medical staff trained on proper patient lifting, transferring, and positioning techniques (6,9-11).
People with disabilities are a heterogeneous group whose health needs vary with the types of limitations they have and by the nature of their disabilities (12) . Definitions of disability and the level of functioning that qualifies for disability status vary. Many studies on cancer screening among this population used broad disability measures based on limitations in actions within the environment to compare prevalence of screening between people with and without disabilities, and a few disaggregated data by disability severity or type to look at subgroup differences (2-7,9-11,13-16).
In studies of up-to-date breast cancer screening, screening rates ranged from 67% to 79% among women with disabilities and from 70% to 83% among women without disabilities (2,6,9,14). Receipt of up-to-date cervical cancer screening among women with disabilities ranged from 77% to 82%, compared with a range of 83% to 87% among women without disabilities (6,9,14). Breast and cervical cancer screening rates are lower among women with intellectual and developmental disabilities, cognitive disabilities, and multiple disabilities than among women with other disability types (3, 5, 15) . Numerous studies of colorectal cancer (CRC) screening among people with disabilities assessed whether a person was ever screened, rather than whether screening was guideline-concordant (4,5, 14, 17) . Some studies reported that CRC screening rates are higher among people with disabilities than among those without disabilities; however, rates varied by disability type (14, 17) . Up-to-date CRC screening rates were recently published in a study examining receipt of tests from 1998 through 2010 among people with and without chronic disabilities; the authors reported that receipt was similar between both groups (18) . The data in many earlier studies of cancer screening prevalence are now nearly a decade old or older and may not reflect recent trends. Additionally, few studies examined receipt of a health-care provider's recommendation for screening (11, 13, 16) .
In this study, we used a nationally representative sample to examine differences in receipt of guideline-concordant screening in 2013 for breast cancer, cervical cancer, and CRC by disability status and by type of disability. We report the prevalence of up-todate breast and cervical cancer screening among women with and without disabilities by screening recommendation status and the prevalence of receiving a recommendation for screening among adults with and without disabilities who were not up-to-date with CRC screening. In addition, we describe perceived barriers to health-care access by disability status.
Methods
We used data from the 2013 National Health Interview Survey (NHIS), a continuous, cross-sectional survey of US households conducted in-person with noninstitutionalized civilians. NHIS uses trained US Census Bureau interviewers and monitors for quality control. Sampling is done through a complex survey design that involves stratification, clustering, and multiple stages. One sample adult is selected in the household to provide additional information, which in 2013 included information for a cancer control supplement. The final adult response rate for the 2013 survey was 61.2% (19) . More information on NHIS design is available at http://www.cdc.gov/nchs/nhis.htm. This study did not require institutional review board approval because we used a publicly available data set without personal identifiers.
We included adults aged 21 to 75 years who provided responses to questions in the NHIS cancer control supplement and the disability module. The disability module consists of 6 questions, the following 4 of which measure serious functional limitations pertaining to hearing, vision, cognition, and mobility (20) : Are you deaf or do you have serious difficulty hearing? Are you blind or do you have serious difficulty seeing even when wearing glasses? Because of a physical, mental, or emotional condition, do you have serious difficulty concentrating, remembering, or making a decision? Do you have serious difficulty walking or climbing stairs? In the 2013 survey, these questions were administered to approximately half of sample adults; household members serving as proxies for those who were unable to respond were excluded. Even though survey respondents could report more than one limitation, we excluded those with a mobility disability (eg, difficulty walking or climbing stairs) from the hearing, vision, and cognition categories. We did this because most people with multiple disabilities also have a mobility disability, and we wanted to make our estimates comparable with those in previous disability studies. The hearing, vision, and cognitive categories were not mutually exclusive, and respondents could be in more than one of these categories. Adults who answered no to all disability questions were considered not to have a serious functional limitation. We excluded from the analysis adults who reported having difficulty with self-care (eg, bathing, dressing) or having limitations with community involvement (eg, shopping or running errands alone) but did not report other disabilities (n = 65).
We merged the disability questions file, the sample adult file, and the person file to form the final analytic data set. The merged file had data on 15,079 adults aged 21 to 75 years with known disability status, 12,499 adults without a serious functional disability, and 2,580 adults with at least 1 of the 4 types of disability.
We included the following demographic variables: sex, race/ethnicity, marital status, education level, and general health status. Variables measuring whether respondents had health insurance coverage or usual sources of health care were used to assess health-care access. Barriers to care, such as difficulties with scheduling appointments and reaching clinic staff by telephone, long waiting-room times, inconvenient clinic hours, and lack of transportation served as proxies for barriers to cancer screening. The cancer control supplement included questions about receipt of screening tests for breast cancer, cervical cancer, and CRC. If a survey respondent indicated that he or she had received a screening test, then a follow-up question was asked about the timing of the test. Additionally, women who had seen a clinician within the previous 12 months were asked whether a health-care professional recommended that they receive a mammogram or Papanicolaou (Pap) test. Adults who reported that they were not up to date with screening for CRC were asked whether a health-care provider had recommended that they be tested for problems in their colon or rectum within the previous 12 months. We used US Preventive Services Task Force recommendations that were in place in 2013 to define up-to-date cancer screening. For cervical cancer screening, we assessed whether women aged 21 to 65 years who did not report having had a hysterectomy had received a Pap test within the past 3 years. For breast cancer screening, we assessed whether women aged 50 to 74 years had received a mammogram within the past 2 years. Both men and women aged 50 to 75 years were considered appropriately screened for CRC and current with the screening recommendation if they had received either a fecal occult blood (FOBT) test within the previous year, sigmoidoscopy within the previous 5 years along with FOBT within the previous 3 years, or colonoscopy within the previous 10 years.
We used SAS 9.3 (SAS Institute Inc) and SAS-callable SUDAAN release 11 (Research Triangle Institute) to conduct all analyses. All prevalence estimates were weighted so that they represent the noninstitutionalized, civilian US population. The final survey weights account for race/ethnicity, sex, and age composition of that population.
We calculated the weighted prevalence estimates with 95% confidence intervals (CIs) for demographic characteristics, health-care access, and cancer screening (including by provider recommendation) among adults without a disability; separately for adults with hearing, vision, cognition, or mobility limitations; and for all adults with any of these disability types. We conducted multivariable logistic regression analysis to obtain adjusted odds ratios for the likelihood of being up-to-date for cancer screening for each type of disability (adults without disability served as the referent group for all models), while controlling for the influence of demographic characteristics and health-care access. In all models, we controlled for race/ethnicity, marital status, education level, health-care coverage, general health status (excluded in the hearing disability model for CRC screening because of statistical nonsignificance), and usual source of care. The cervical cancer screening model also controlled for age category, and the CRC screening model controlled for age category and sex. We used a backward elimination approach to select variables for the final models and assessed goodness of fit using the Hosmer-Lemeshow test. Variables with P ≥ .10 from the Wald F test were eliminated unless they traditionally appeared in cancer screening models.
Results
Overall, 16.9% of adults aged 21 to 75 years were identified as having at least 1 of the 4 disability types. The prevalence of each disability type among this sample was mobility, 57.9%; cognition, 18.2%; hearing, 18.8%; and vision, 11.2%. Thirty-two percent of persons had more than one disability, with most (82.8%) having mobility limitations in combination with another disability. Regardless of disability type or status, most adults were non-Hispanic white and had health insurance coverage and a usual source of care (Table 1) . Compared with persons with no disability (6.4%), the prevalence of reporting fair or poor health was substantially higher among persons with a mobility disability (63.3%), a cognitive disability (38.4%), a vision disability (29.4%), or a hearing disability (17.4%).
In unadjusted prevalence estimates (Table 2) , women with any of the disability types had a lower prevalence of reporting up-to-date cervical and breast cancer screening than women without a disability. However, men and women with any of the disability types had a slightly higher prevalence of up-to-date CRC screening than adults without disabilities. Women with mobility limitations had the lowest prevalence (66.1%) of receiving a Pap test within the past 3 years, whereas those with cognitive limitations had the highest (80.2%). The reverse was true for receipt of mammograms within the past 2 years; prevalence was lower among women with cognitive limitations (61.2%) and higher among those with mobility limitations (67.5%). When controlling for sociodemographic and health-care-related variables we found that compared with women without disability, the odds of receiving a Pap test within the previous 3 years were significantly lower among women with any of the disability types (AOR, 0.77; 95% CI, 0.60-0.99) and among women with a mobility limitation (AOR, 0.58; 95% CI, 0.42-0.80). The odds of receiving mammograms within the previous 2 years were also lower among women with any of the disability types; however, this finding was not significant.
The prevalence of up-to-date breast and cervical cancer screening was higher among women who reported receiving recommendations from their health-care providers for these tests than among women who said they had not received recommendations (Figure) . Among women who reported receiving recommendations, those with any of the disability types were less likely than those without any of the disability types to report receiving Pap tests within the previous 3 years (84.1% vs 94.7%, respectively, P < .001). Among women who indicated that they had not received recommendations, those with any of the disability types reported less use of mammography (32.6% vs 48.6%, P < .001) and of Pap tests (55.2% vs 66.7%, P = .003) than women without any of the disab-PREVENTING CHRONIC DISEASE VOLUME 14, E09 PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY
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www.cdc.gov/pcd/issues/2017/16_0312.htm • Centers for Disease Control and Preventionility types. Among adults who reported that they were not up-todate with screening for CRC, the percentage who had received recommendations for CRC screening tests in the previous 12 months was 15 .2% for those with any of the disability types and 11.9% for those without any of the disability types (P > .05) (data not shown). The prevalence of perceived barriers to accessing health care was higher among persons with any of the disability types than persons without any of the disability types; the most frequently cited barrier among both groups was difficulty getting a clinic appointment (9.1% vs 4.5%) ( Table 3 ). 
Discussion
Overall, our findings on cancer screening among persons with disabilities are consistent with some previous research on this topic (2,3,14,16). We found a lower prevalence of breast and cervical cancer screening among women with disabilities, but only the disparity in Pap test use persisted in models adjusted for cancer screening-related variables. A similar pattern was reported in a study on use of mammography and Pap tests by disability status and severity (3). In a study examining receipt of these tests among women with and without limitations in activities of daily living, however, disparities remained significant in multivariable analyses for each test (14) . Similar to previous research on CRC screening, we found slightly higher rates of screening among adults with disabilities than among those without disabilities (14, 18) . Even though persons with disabilities were reported to have higher CRC screening rates than persons without disabilities from 1998 to 2010, the rates reported in 2010 (59.2% vs 58.9%) and in our study (61.8% vs 57%) are below the 70.5% Healthy People 2020 objective (https://www.healthypeople.gov/2020/topics-objectives/topic/cancer/objectives) (18) . The breast and cervical cancer screening rates in our study are also lower than national objectives for these tests (81.1% for breast cancer, 93.0% for cervical cancer). Future studies should explore the reasons why some persons with disabilities may avoid or delay cancer screening, including the extent to which factors such as disability type, severity of limitation, and confusion about screening guidelines affect decision making. Research on this topic is scarce, especially for cervical cancer and CRC.
We found that the prevalence of breast and cervical cancer screening was higher among women who reported receiving recommendations for these tests from their health-care providers, which is consistent with previous studies (11, 13) . Women with disabilities were slightly less likely than those without disabilities to report receipt of screening recommendations, but the differences were not significant. Less than 15% of persons who were not upto-date with CRC screening reported receiving recommendations for these tests, regardless of disability status. We did not find other studies that examined receipt of recommendations for CRC screening among this population. Additional research is needed to help identify the reasons why health-care providers might not refer persons with disabilities for cancer screening. Some providers may prioritize managing the disabling condition and related illnesses to the exclusion of addressing preventive health needs (10, 14) . Tools have been developed to help clinicians identify recommended preventive services and increase their use among persons with disabilities (21) (22) (23) . Information is also available for health insurers, community-based organizations, and health educators to help increase their knowledge about disability and health and identify service gaps (21) .
We found that most people with disabilities had health insurance coverage and a usual source of health care. This finding is consistent with previous research and may be related to links between enrollment in federal and state disability benefits programs and eligibility for public health insurance (2,3,8,24-26). However, some insured people with disabilities reported unmet health-care needs and difficulty accessing care. These disparities may be related to disability type (eg, mobility limitations), or they may be unrelated to disability status (eg, out-of-pocket cost) (24,27). In our study, people with disabilities were 7 times as likely to report transportation barriers as those without disabilities and nearly twice as likely to report difficulty scheduling appointments, long wait times at clinics, and inconvenient clinic hours.
Our study has limitations. NHIS data are based on self-report and may be subject to recall bias, particularly among persons with serious cognitive disabilities, and subject to social desirability bias.
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The questions used to measure disability in the NHIS disability module, however, have been cognitively tested by the National Center for Health Statistics and the US Census Bureau (28). Additionally, self-reported data for mammography, Pap tests, and CRC screening are reported to be reliable (29,30). The small sample sizes for some disability subgroups limit the generalizability of our findings, but the sizes all met criteria for analysis; the data are also weighted to be representative of the US population. Nearly onethird of respondents had more than one type of disability; therefore, our results might not be generalizable to those with a single disability. Because we could not distinguish between tests received for diagnostic purposes and tests received for screening purposes, actual cancer screening rates may be lower than reported. We also could not assess the onset of disability in relation to receipt of screening tests. Using data based on disability status at the time of data collection rather than the time of screening could have resulted in overestimates of screening among those whose disabilities were diagnosed after they were screened. Furthermore, because the NHIS disability survey includes only noninstitutionalized adults living in the community, we could not assess the prevalence of cancer screening among adults living in group homes and other settings in which the prevalence of disability may be higher.
One of the strengths of our study is that we used population-based data. We also examined 2 cancer screening-related topics that have been rarely researched among persons with disabilities -reported receipt of guideline-concordant CRC screening and recommendations by health-care providers for cancer screening.
Disparities among persons with disabilities in receipt of preventive services and health-care access persist. Our study findings may be used to increase awareness about gaps in cancer screening among subgroups of this population, to inform development of interventions that educate people with disabilities about the importance of discussing preventive health services with their health care providers, and to remind providers about the critical roles they play in recommending use of these services. PREVENTING CHRONIC DISEASE VOLUME 14, E09 PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY
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